1. Introduction {#j_med-2019-0020_s_001}
===============

Liver cancer is one of the most malignant tumors in the world with extremely high malignancy and poor prognosis. Although there are many kinds of treatment methods for liver cancer, the therapeutic effect is very limited and does not significantly prolong the survival of patients \[[@j_med-2019-0020_ref_001]\]. Tumor markers refer to a group of substances synthesized, released by the tumor cells, or produced by the response of organisms to the tumor cells in the process of tumorigenesis and proliferation. Its expression level is generally well correlated with the occurrence, development, regression, and recurrence of tumors. Detection of these markers can provide information on early diagnosis, treatment effect, and prognosis of related malignant tumors \[[@j_med-2019-0020_ref_002], [@j_med-2019-0020_ref_003]\]. At present, the prognosis of liver cancer is still not satisfactory due to the high rate of postoperative recurrence and metastasis. Therefore, finding molecular markers that can guide prognosis is very important for the treatment of liver cancer. The present research is trying to find a new biomarker for human liver cancer.

The protein encoded by Beta-1,3-glucuronyltrans-ferase3 (B3GAT3) operated as a glycosyltransferase to add the final glucuronic acid in the linker region tetrasaccharide, xylose-galactose-galactose-glucuronic acid, which is attached to specific serine residues on core proteins \[[@j_med-2019-0020_ref_004], [@j_med-2019-0020_ref_005]\]. In the present study, we proved that B3GAT3 was over-expressed and unfavorable to prognosis in liver cancer. B3GAT3 was knocked down in liver cancer cell line HepG2 to investigate its specific role on tumor progression. Our results proved that knockdown of B3GAT3 inhibited the proliferation and metastasis, as well as reversing the epithelial mesenchymal transition (EMT) process. This is the first report of the prognostic value of B3GAT3 in human cancer and its role in tumor progression. These findings suggest that B3GAT3 potentially serves as a novel bio-marker for prognosis and an oncogene in liver cancer progression.

2. Materials and methods {#j_med-2019-0020_s_002}
========================

2.1. Expression and survival analysis {#j_med-2019-0020_s_002_s_001}
-------------------------------------

The expression and survival analysis of B3GAT3 was performed using online software, Gene Expression Profiling Interactive Analysis (GEPIA)\[[@j_med-2019-0020_ref_006]\]. Liver hepatocellular carcinoma (LIHC) matched the Cancer Genome Atlas (TCGA) normal and Genotype-Tissue Expression (GTEx) data were used for the expression analysis, and log~2~ (TPM+1) was used for log-scale. Overall survival (OS) and disease free survival (DFS) analysis was performed based on gene expression, using Log-rank test, a.k.a the Mantel--Cox test, for hypothesis test on GEPIA.

The prognostic value of B3GAT3 was also analyzed using other two online dataset, the Pathology Atlas of the Human Protein Atlas (HPA)\[[@j_med-2019-0020_ref_007]\], and Kaplan Meier-plotter (KM plotter) \[[@j_med-2019-0020_ref_008]\]. The Pathology Atlas of HPA is an interactive open-access database containing the mRNA and protein expression data based on the integration of publicly available data from TCGA and data generated within the framework of the HPA\[[@j_med-2019-0020_ref_007]\]. The survival curve of the proteins in patients with the respective cancer types including liver cancer are plotted in best expression cut off. KM plotter database can analyze prognostic values of gene mRNA expressions in five type of cancers, including liver cancer. Samples with gene expression data and prognosis information used in Kaplan Meier-plotter are downloaded from TCGA, EGA, and GEO (Affymetrix microarrays only). In this on line dataset, the hazard ratio (HR) with 95% confidence intervals (95% CI) and *P* value were calculated \[[@j_med-2019-0020_ref_008]\]. The analysis was performed in best cut off of B3GAT3 expression. The package ''survival'' is used to calculate and proportional hazard was computed by the ''coxph'' package as previously reported \[[@j_med-2019-0020_ref_009]\].

2.2. Cell culture and transfection {#j_med-2019-0020_s_002_s_002}
----------------------------------

Human liver cancer cell lines, SMMC-7721, HUH7, HepG2, and Hep3B, were all purchased from the Type Culture Collection of the Chinese Academy of Sciences. DMEM medium supplemented with 10% FBS and 1% penicillin and streptomycin combination was used for cell culture. When it reached approximately 70% confluency, HepG2 cells were transfected with B3GAT3 specific siRNA (si-B3GAT3) or negative control siRNA (si-NC) by Lipo-fectamine 2000. The cells were incubated under normal conditions for 24 h at 37 °C.

2.3. Cell proliferation assay {#j_med-2019-0020_s_002_s_003}
-----------------------------

Cell Counting Kit-8 (CCK-8) assay was used for the detection of cell proliferation. The HepG2 cells were transferred in a 96-well plate at a concentration of 500 cells/ well, and then incubated with 10ml of CCK-8 solutions for 1.5 h. The absorbance was measured at 450 nm on a microplate reader. The OD value was checked every 24 h. Each experiment was performed in triplicate.

2.4. Transwell assay {#j_med-2019-0020_s_002_s_004}
--------------------

The migration and invasion of HepG2 was detected using transwell assay. After transfection, cells were transferred into the upper well of transwell chamber (Millipore). For invasion assay, 100 μL matrigel (BD) was added into the upper well, while 500 μL serum-free medium was added into bottom well of transwell chamber. After incubation for 48 h, cells were migrated to the lower chamber and stained with crystal violet for 10 min. Photomicrographs were captured and the number of cells was counted. Each experiment was performed in triplicate.

2.5. Western blot {#j_med-2019-0020_s_002_s_005}
-----------------

The total protein was extracted from each sample using RIPA buffer containing protease inhibitors. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used for the separation of protein sample. After being transferred to a PVDF membrane, the sample was blocked with 5% fat-free milk for 1 h, and incubated with primary antibodies for 1 h and with secondary antibodies for 1 h. The primary antibodies, including B3GAT3 (1:500, ab170795, Abcam, United Kingdom), P70 (1:1000, ab109393, Abcam, United Kingdom), E-cad (1:1000, ab40772, Abcam, United Kingdom), N-cad (1:1000, ab18203, Abcam, United Kingdom), Snail (1:2000, ab216347), Abcam, United Kingdom), Twist (1:1000, ab50581, Abcam, United Kingdom), and GAPDH (1:5000, 10494-1-AP, PTG, USA) were used in the present research. HRP sheep anti rabbit/ mouse secondary antibodies (1:5000) were purchased from PTG Company (USA). The blots were visualized using ECL assay. Each experiment was performed in triplicate.

2.6. Statistical analyses {#j_med-2019-0020_s_002_s_006}
-------------------------

Statistical analysis of results was performed using SPSS 18.0 software. The data were expressed as means ± SD. Student's t test or One-way ANOVA analysis were used to assess differences between groups. Differences were considered statistically significant for values of *P*\<0.05.

3. Results {#j_med-2019-0020_s_003}
==========

3.1. B3GAT3 is upregulated in human liver cancer {#j_med-2019-0020_s_003_s_001}
------------------------------------------------

To find a new biomarker for human liver cancer, we first investigated the abnormal expression genes in LIHC samples. GEPIA database included 369 LIHC and 160 normal liver tissues, which were used for the expression analysis \[[@j_med-2019-0020_ref_006]\]. From our results, B3GAT3 was observed to be overexpressed in LIHC compared with normal liver tissues, and the boxplot was plotted ([Fig. 1](#j_med-2019-0020_fig_001){ref-type="fig"}, P\<0.05). This result suggested that B3GAT3 might play a specific role in human liver cancer.

![B3GAT3 was up-regulated in human liver cancer. GEPIA was used for the analysis of B3GAT3 expression, and the boxplot was plotted. The red and gray boxes represent LIHC and normal liver tissues respectively. ^\*^*P*\<0.05 compared with N. N, normal tissues. T, tumor tissues.](med-14-251-g001){#j_med-2019-0020_fig_001}

3.2. High B3GAT3 expression was unfavorable for the prognosis in human liver cancer {#j_med-2019-0020_s_003_s_002}
-----------------------------------------------------------------------------------

The prognosis value of B3GAT3 was analyzed using three different online dataset, GEPIA, the pathology atlas of HPA, and KM plotter. Overall survival (OS) and disease free survival (DFS) analysis were performed using GEPIA. As shown in [Fig. 2A](#j_med-2019-0020_fig_002){ref-type="fig"} and [B](#j_med-2019-0020_fig_002){ref-type="fig"}, high B3GAT3 expression was associated with poor OS (P\<0.0001) or DFS (P=0.0066) in liver cancer patients. To further confirm the prognosis value of B3GAT3 on liver cancer, we analyzed it in the pathology atlas of HPA. As shown in [Fig. 2C](#j_med-2019-0020_fig_002){ref-type="fig"}, at best expression cut off 21.32%, 144 high B3GAT3 patients showed worse OS compared with 221 low B3GAT3 patients (P\<0.0001). KM plotter is an online software specially designed for prognostic analysis, thus we further performed the analysis on which (Affymetrix ID=26229, [Fig. 2D](#j_med-2019-0020_fig_002){ref-type="fig"}). Consistent with the above results, high B3GAT3 indicated poor prognosis in all liver cancer patients at the best expression cutoff, suggesting that it was an unfavorable biomarker for the prognosis in liver cancer (HR=1.67, 95% CI 1.18-2.36, P=0.0034).

![High B3GAT3 expression was unfavorable for the prognosis in human liver cancer. GEPIA was used for the analysis of OS (A) and DFS (B) of patients with differences in B3GAT3 expression level. (C) The human protein atlas was used to analyze the prognostic role of B3GAT3. (D) B3GAT3 prognostic value was also investigated in KM plotter, and the desired Affymetrix IDs was 26229. All the above results showed that high B3GAT3 level was associated with poor prognosis.](med-14-251-g002){#j_med-2019-0020_fig_002}

3.3. Prognostic role of B3GAT3 in liver cancer patients with different pathological characteristics {#j_med-2019-0020_s_003_s_003}
---------------------------------------------------------------------------------------------------

Furthermore, we estimated prognostic value of B3GAT3 in liver cancer patients with different pathological characteristics, including clinical stages, pathological grades, gender, alcohol consumption, and hepatitis virus status on KM plotter. As shown in Table 1, high B3GAT3 level was associated to poor OS in stage 1 and 2 liver cancer patients (stage 1: HR=2.73, 95% CI 1.44-5.18, P=0.0014; stage 2: HR=3.11, 95% CI 1.17-8.27, P=0.017). High B3GAT3 level was correlated to grade 2 and 3 patients (grade 2: HR=2, 95% CI 1.16-3.46, P=0.012; grade 3: HR=1.93, 95% CI 1.04-3.59, P=0.034). In both male and female patients, high B3GAT3 expression was observed to be associated to poor prognosis (male: HR=1.96, 95% CI 1.14-3.36, P=0.013; female: HR=1.74, 95% CI 1-3.03, P=0.049). Furthermore, B3GAT3's high expression was associated to worse OS in patients without alcohol consumption (HR=1.83, 95% CI 1.15-2.9, P=0.0096) or hepatitis virus (HR=2.23, 95% CI 1.26-3.93, P=0.0046). However, high B3GAT3 level was modestly correlated to worse OS in patients with positive alcohol consumption or hepatitis virus status without statistically significant. Taken together, there still requires more clinical case studies to reveal the prognostic role of B3GAT3 in patients with different pathological features of liver cancer.

3.4. B3GAT3 knockdown inhibited the proliferation of liver cancer cells {#j_med-2019-0020_s_003_s_004}
-----------------------------------------------------------------------

Then, we detected the expression of B3GAT3 in four liver cancer cell lines, SMMC-7721, HUH7, HepG2, and Hep3B. As shown in [Fig. 3A](#j_med-2019-0020_fig_003){ref-type="fig"}, B3GAT3 level was highest in HepG2 cells. The B3GAT3 knockdown was generated by the transfection of B3GAT3 specific siRNA in HepG2 cell to investigate its role on liver cancer progression ([Fig. 3B](#j_med-2019-0020_fig_003){ref-type="fig"}). The proliferation of HepG2 cells was determined by CCK8 assay. Compared with si-NC cells, the OD value of si-B3GAT3 declined significantly after the transfection for 48 h and 72 h (P\<0.05, [Fig. 3C](#j_med-2019-0020_fig_003){ref-type="fig"}). Our data proved that B3GAT3 knock-down inhibited the proliferation of liver cancer cells.

![Knockdown of B3GAT3 inhibited the proliferation of liver cancer cells. (A) Western blot was performed to detect the expression of B3GAT3 in four liver cancer cell lines, SMMC-7721, HUH7, Hep3B, and HepG2. Statistical results showed that B3GAT3 expression was highest in HepG2 cells. (B) B3GAT3 was knocked down in HepG2 cells and its mRNA level was detected using qPCR. (C) The proliferation of HepG2 cells was determined by CCK8 assay. ^\*^P\<0.05 compared with si-NC.](med-14-251-g003){#j_med-2019-0020_fig_003}

3.5. B3GAT3 knockdown inhibited the migration and invasion of liver cancer cells {#j_med-2019-0020_s_003_s_005}
--------------------------------------------------------------------------------

Transwell assay was performed to investigate the effect of B3GAT3 on the migration and invasion of HepG2 cells. As shown in [Fig. 4A](#j_med-2019-0020_fig_004){ref-type="fig"}, B3GAT3 knockdown declined the migrated cell number (156±20) in comparison to the si-NC group (336±47) (P\<0.05). Moreover, after the transfection of B3GAT3 siRNA, the invasive cell number (52±10) also decreased compared with the si-NC group (193±25) (P\<0.05, [Fig. 4B](#j_med-2019-0020_fig_004){ref-type="fig"}[Fig. 4B](#j_med-2019-0020_fig_004){ref-type="fig"}). These data suggested that B3GAT3 knockdown suppressed the migration and invasion of liver cancer cells.

![Knockdown of B3GAT3 inhibited the migration and invasion of liver cancer cells. Transwell assay was performed to investigate the effect of B3GAT3 on cell migration (A) and invasion (B). Representative images were captured after the transfection for 48 h. Bar = 100 μm. ^\*^P\<0.05 compared with si-NC.](med-14-251-g004){#j_med-2019-0020_fig_004}

3.6. B3GAT3 knockdown reversed the EMT process of liver cancer cells {#j_med-2019-0020_s_003_s_006}
--------------------------------------------------------------------

To elucidate the molecular mechanism of the effect of B3GAT3 on cancer cells, we detected the expression levels of P70 and EMT related genes by western blot ([Fig. 5A](#j_med-2019-0020_fig_005){ref-type="fig"}). P70 is a crucial gene for cell proliferation and up-regulated in most tumors\[[@j_med-2019-0020_ref_010]\]. EMT plays an important role in the motility of tumor cells and is a vital process in the origin and metastasis of solid tumors\[[@j_med-2019-0020_ref_011]\]. As shown in [Fig. 5B](#j_med-2019-0020_fig_005){ref-type="fig"}, the expression of P70 was inhibited after the transfection of B3GAT3 siRNA, suggesting the molecular mechanism of the effect of B3GAT3 on cell proliferation. Furthermore, we proved that B3GAT3 knockdown inhibited the expression of N-cad, Snail, and Twist, and promoted the expression of E-cad. These results demonstrated that the suppression of B3GAT3 reversed the EMT process of liver cancer cells.

![Knockdown of B3GAT3 reversed the EMT process of liver cancer cells. (A) The expression levels of P70 and EMT related genes were detected by western blot. (B-F) The values of the band intensity represent the densitometry estimation of each band normalized to GAPDH. ^\*^P\<0.05 compared with si-NC.](med-14-251-g005){#j_med-2019-0020_fig_005}

4. Discussion {#j_med-2019-0020_s_004}
=============

In the present study, we proved that B3GAT3 was a new biomarker of prognosis in liver cancer. B3GAT3, also known as GLCATI, is a glycosyltransferase that plays an important role in proteoglycan (PG) biosynthesis\[[@j_med-2019-0020_ref_012]\]. PG is an important and unique family of proteins, and is one of the major components (collagen family, PG, elastin and glycoprotein) that make up the extracellular matrix (ECM), which plays an important role in tumor cell invasion and metastasis\[[@j_med-2019-0020_ref_013], [@j_med-2019-0020_ref_014]\]. Studies have shown that PG can directly affect the cell cycle\[[@j_med-2019-0020_ref_015], [@j_med-2019-0020_ref_016]\]. Matrix molecule receptors and proteases, which are highly expressed in tumor cells, are involved in the malignant growth of tumor cells\[[@j_med-2019-0020_ref_017], [@j_med-2019-0020_ref_018]\]. Among numerous macromolecules involved in the function of tumor cells, PG plays an important role in the formation of neovascularization and the proliferation of malignant cells in tumor tissues\[[@j_med-2019-0020_ref_019], [@j_med-2019-0020_ref_020]\]. Therefore, we speculate that B3GAT3 may be involved in tumor progression as one of the synthetic enzymes of PG.

In this study, for the first time, we found that B3GAT3 was highly expressed in liver cancer cells through online database analysis, and found that the high expression of B3GAT3 was unfavorable to the prognosis of liver cancer patients through a variety of database analysis. Research shows that transforming growth factor b1 (TGFb1) upregulates the expression of B3GAT3 in lung fibroblasts, and signaling through TGFb1 receptor/p38 MAPK is required for TGFb1-mediated B3GAT3expression in fibroblasts\[[@j_med-2019-0020_ref_021], [@j_med-2019-0020_ref_022]\]. We speculated that B3GAT3 might be highly expressed through the upregulation of TGFb1 in cancer cells as one of the PG synthases, which required further experimental confirmation.

Next, we estimated prognostic value of B3GAT3 in liver cancer patients with different pathological characteristics. According to our results, high B3GAT3 level was associated to poor OS in stage 1 and 2, grade 2 and 3, male and female patients. Furthermore, B3GAT3's high expression was associated to worse OS in patients without alcohol consumption or hepatitis virus. However, high B3GAT3 level was modestly correlated to worse OS in patients with positive alcohol consumption or hepatitis virus status without statistically significant. Therefore, we predicted that in patients with alcohol consumption or hepatitis virus, the prognosis might be affected by more factors, thus interfering with the prognostic guidance of B3GAT3 \[[@j_med-2019-0020_ref_023], [@j_med-2019-0020_ref_024]\]. Taken together, there still requires more clinical case studies to reveal the prognostic role of B3GAT3 in patients with different pathological features of liver cancer.

Then, we found that B3GAT3 knockdown inhibited the proliferation, migration and invasion, and also reversed the EMT process in HepG2 cells. Cell migration is an ubiquitous life phenomenon in organisms and plays a key role in tumor cell invasion and metastasis \[[@j_med-2019-0020_ref_025]\]. By interaction between cells and cells, cells and ECM, cells can migrate depending on the corresponding signals. Studies have shown that the ECM is involved in cell metastasis by limiting and regulating the proliferation and evolution of epithelial cells through physiological and physical actions \[[@j_med-2019-0020_ref_026]\]. At the same time, cells that have undergone EMT secrete large amounts of ECM and related enzymes, which can lead to cell proliferation, morphological changes, and the acquisition of metastasis ability. TGFb, the transcriptional regulator of B3GAT3, is also a potent inducer of EMT \[[@j_med-2019-0020_ref_022], [@j_med-2019-0020_ref_027]\]. TGFb acts primarily through the β-integrin signaling pathway and promotes Smad3-de-pendent cellular transcriptional processes, as well as through the non-Smad3-dependent P38 MAP kinase and the GTPase-mediated signaling pathways \[[@j_med-2019-0020_ref_027], [@j_med-2019-0020_ref_028]\]. In fact, in a variety of tumors with high TGFb expression, TGFb can act on both the tumor cells itself in an autocrine form and the extracellular matrix in a paracrine manner \[[@j_med-2019-0020_ref_029]\]. The complex biological interaction between epithelial cells and stromal cells may be an important inducer of EMT, but the specific mechanism is still unclear. Therefore, B3GAT3 may be a key molecule in the TGF/P38MAP/ EMT pathway, and it may become a clinical target in the treatment of tumor metastasis.

In conclusion, B3GAT3 is a good indicator of liver cancer biology. As an independent prognostic marker, it can be used clinically to predict the prognosis of patients with liver cancer. At the same time, B3GAT3 plays an important role in the process of tumor EMT, suggesting that it has the potential to become a new target for targeted therapy of liver cancer.
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